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Tobacco Use Insights quit and 31.2% used cessation counselling and/or medication when trying to quit. 4 This suggests that low rates of successful smoking cessation may be due to underutilisation of existing proven treatment strategies.
Mobile health (mHealth) interventions (smartphone applications and text messaging) have gained increasing interest as a means of modifying health behaviours, including smoking, in a scalable and affordable way. 5 Most of the research surrounding mHealth and smoking cessation focuses on text messaging as the primary modality, with a recent review indicating that few smartphone applications (apps) advertised for smoking cessation are backed by scientific evidence. 6 A recent meta-analysis consisting of 9887 participants in high-income countries demonstrated that smoking cessation programmes utilising text messaging alone increased abstinence rates at least in the short term (26 weeks; relative risk [RR], 1.69; 95% confidence interval [CI], 1.46-1.95). 7 As a result of the demonstrable effectiveness of text-message interventions for smoking cessation, text messaging is currently being recommended for smoking cessation by some national bodies. 8 However, although mHealth strategies show potential, maintaining engagement is difficult and user drop-out rates are high when applied in real-world circumstances. 9, 10 Thus, there is a need to understand how text-message programmes interact with patient characteristics and clinical factors to result in smoking cessation to optimise future programmes.
Research into predictors of smoking cessation using traditional methods (pharmacological and behavioural [face-to-face and web based]) have shown male gender, 11, 12 older age, 11 higher motivation to quit, 13 early success in quitting, 14 lower nicotine dependency, 11 social modelling (being around less smokers), and being in a relationship 12 are important for compliance with treatment methods (which is pivotal for treatment efficacy). Although, these predictors may not apply to mHealthbased prevention programmes. There is some research which have identified lower smoking quantity, older age, male sex, higher education, and absence of depression as being associated with higher engagement with mHealth programmes, 10, 15 and engagement with mHealth programmes has been associated with quitting smoking. 10, 16, 17 Research on text-message-based smoking cessation programmes has largely focused on assessing efficacy, 7 rather than assessing predictors of efficacy such as certain patient characteristics. The messages themselves guide the participants through the quitting process by providing tips and advice, as well as referring to other sources external to the message programme. The exact mechanisms responsible for the observed effects and the predictors of smoking cessation are unknown, and more research is needed to understand the nuances of engagement and treatment efficacy. 18 Insight into the predictors of smoking cessation have been provided by the Txt2stop randomised controlled trial (RCT). 19 This was a 6-month study involving 5800 (2915 smokers allocated to the intervention arm) adults aged 16 to 78 in the United Kingdom and was the largest single-blind RCT for a specific text-based smoking intervention programme. A subanalysis revealed that female gender, younger age, and nonmanual employment were independent predictors of resuming smoking after quitting, whereas years of education, nicotine dependence, and previous quit attempts were not, after adjusting for other variables. 20 However, this was a bidirectional interactive programme targeting smoking only, and it is unclear whether the results are generalisable to noninteractive programmes or programmes targeting multiple risk factors. Furthermore, this study reported 7-day abstinence, and it is unknown whether these predictors lead to sustained effects.
We conducted the Australian Tobacco, Exercise, and Diet Messages (TEXTME) RCT, which was a single-centre trial targeting multiple cardiovascular risk factors (i.e. not a dedicated smoking cessation text-message programme) in 710 patients with known coronary heart disease (CHD). 21 The intervention consisted of a 6-month noninteractive semipersonalised text-message support programme. The subjects received 4 messages per week that provided advice, motivation, and support on smoking, diet, physical activity, and general cardiovascular information. The primary outcome was low-density lipoprotein cholesterol (LDL-C) at 6 months, and smoking cessation was a secondary outcome. At 6-month follow-up, participants receiving the text messages had significantly lower LDL-C, and were 33% more likely to quit smoking compared to those who did not receive the text messages (RR, 1.33; 95% CI, 1.19-1.49; P < .001). 21 The predictors of smoking cessation and whether there were interactions between patient characteristics or clinical variables and the intervention to mediate the effect on smoking cessation are unknown.
The aim of this article was to first assess the predictors of smoking cessation in TEXTME and then determine whether the effect of texting on smoking cessation was modified by interactions with clinical variables selected a priori. The exploration of the interaction of texting intervention will allow us to better understand in which subgroups the textmessaging approach is particularly effective in improving smoking cessation.
Methods
This study is a subanalysis which used data collected as part of the TEXTME trial, a single-blind RCT, which recruited 710 participants (377 current smokers at baseline) between September 2011 and November 2013 from a large tertiary hospital in Sydney, Australia. 21 In this subgroup analysis, the adults who were defined as smokers at baseline were included in the analysis. Objective measures of cardiovascular risk factors (LDL-C level, blood pressure, body mass index [BMI], waist circumference, and self-reported measures of physical activity, diet, and medications) were obtained at baseline and 6 months postrandomisation as previously described. 21 Demographic information, including age, sex, education, and self-reported ethnic origin, was obtained at baseline. Medical history was obtained including a formal diagnosis of hypertension and diabetes. Smoking status (current smoker, former smoker, and never smoked) was self-reported at baseline and confirmed with a carbon monoxide metre breath analyser (MicroPlus Smokerlyzer, Airmet Scientific).
The TEXTME intervention group received 4 text messages per week for 6 months. Participants who were smokers at baseline each week received 1 message from 4 different categories: (1) general cardiovascular health and medications, (2) nutrition, (3) physical activity, and (4) smoking cessation. 22 Nonsmokers received an additional random message from the first 3 categories instead of a message on smoking cessation. Messages included the recipients preferred name and were sent in random order and no message was repeated. The messages were unidirectional and did not allow 2-way communication about clinical management (i.e. not interactive). The messages provided advice, motivation, information, and support to quit smoking (for smokers) and to engage in healthy diets and exercise. Examples of smoking cessations messages include: 'It's never too late to quit smoking'; 'It may take several attempts to quit, so keep trying'; and 'Check out the website www.icanquit.com.au for tips and to track your progress when quitting smoking'. 22 
Measures
Smoking status. Smoking status was grouped into 3 groups: (1) Current Smoker, (2) Former Smoker, and (3) Never Smoked. Current smoker was defined as smoking regularly at least 5 cigarettes per day within the last 12 months. Only current smokers at baseline were included in this analysis. The current smokers were assessed at 6 months follow-up to determine self-reported smoking status (either still smoking or quit smoking) and confirmed with a carbon monoxide metre breath analyser. Amount of smoking per day was dichotomised into less than 11 cigarettes per day and 11 or more cigarettes per day.
Sociodemographic variables. Gender was categorised in to 2 groups: male and female. Age was divided into categories less than 57 years and greater than or equal to 57 years, as this was the median age of the sample. Ethnicity was separated into 2 groups: Caucasians and non-Caucasians. Education level was categorised into 2 categories: less than or equal to 12 years and greater than 12 years.
Psychosocial factors. Quality of life was assessed using the Short Form 12 Health survey (SF-12) and results grouped into Physical Composite Scale (PCS) score and Mental Composite Scale (MCS) score. Lifetime history of depression was determined at baseline and categorised into 4 groups depending on treatment (antidepressants only, counselling only, both antidepressants and counselling, and no treatment).
Diet. Diet was assessed by self-report of servings of vegetables and fruit consumed in the prior 7 days. Diet according to guidelines was defined as 2 or more servings of fruit and 5 or more servings of vegetables each day. Average units of alcohol per week was determined by self-report.
Physical activity. Physical activity was assessed using the Global Physical Activity Questionnaire (GPAQ) and reported in MET minutes per week. Regular exercise was defined as the equivalent of at least 150 minutes of moderate-level exercise each week.
Statistical analysis
In this study, SPSS Statistics, version 24.0, for Windows (SPSS Inc. An IBM Company, Chicago, Illinois) was used for data analysis, and the forest plot was created using R (version 3.5.2) (R Core Team 2018). Sample distributions of demographics and clinical characteristics at baseline were examined using descriptive statistics. For univariate analyses, 2-sample t-tests for continuous variables or chi-square tests of independence for categorical variables were performed to determine associations between the main outcome, smoking cessation at 6 months, and clinically important baseline factors selected a priori. Factors selected a priori included: gender, age, education, quantity smoked, quality of life (SF12 physical and mental health scores), depression, exercising according to guidelines, baseline LDL-C, waist circumference, BMI, systolic blood pressure, and diabetes. Variables found to have P-values greater than .05 on univariate analyses were included in the multivariable logistic regression model for smoking cessation. Backward elimination was conducted to select the final predictive model for smoking cessation. The criterion for the removal of the candidate predictor variables from the multivariable model was set at P-value lesser than .10. The interaction of the texting intervention and the prespecified subgroups was added to the final adjusted model to address the primary aim of whether there is a difference in smoking cessation in response to texting for each subgroup. The odds ratio and 95% confidence interval within each subgroup will be presented in a forest plot.
Any continuous subgroup variable will be dichotomised based on median (education was dichotomised based on completing at least high school [year 12] equivalent). There are 13 interactions that will be tested, and therefore, the Bonferroni method 23 to adjust for multiple comparisons will be used -P-values less than .004 (P-value .05/13 variables) will be considered significant.
Results
This study included 377 current smokers at baseline (53% of the TEXTME population), of which 369 were present for the 6-month follow-up (6 were lost to follow-up, and 2 'opted out' of the programme). Tobacco Use Insights total sample at baseline categorised into 'Current Smokers', 'Former Smokers', and 'Never Smoked'. Of the current smokers, the mean age was 56.7 ± 8.9 years, 86.7% male, 68% were Caucasian, and 27% had more than 12 years of education. The vast majority were either overweight or obese (78%) with a mean BMI of 29.8 ± 5.8 kg/m 2 , and 32% had diabetes of which 35% were on insulin treatment. For current smokers, the average total cholesterol and LDL-C were above recommended targets (mean 4.75 ± 1.20 and 2.78 ± 1.05 mmol/L, respectively). Table 2 shows the baseline variables of interest selected a priori for the current smokers by smoking cessation at the conclusion of the TEXTME trial. Participants in the texting arm were more likely to quit smoking (60.5% vs 40.6%, P < .001). In addition, those who quit smoking were older, and on average, smoked more than those who did not quit smoking (23.9 ± 14.8 vs 20.3 ± 12.6 cigs/day; P = .03). Other smoking behaviours (years smoked and number of quit attempts) were not significantly different. without depression vs 28 (45.2%) with depression); however, this difference was not statistically significant. There were no statistically significant differences in objective cardiovascular risk measures (total cholesterol, LDL-C, systolic blood pressure, BMI, and waist circumference). In addition, there were no significant difference in quality-of-life measures (SF-12 PCS and MCS), change in physical activity (MET min/week), or maximum level of education attained. Only one had a diet according to recommended guidelines (5 serves of vegetables and 2 serves of fruit per day) at baseline, and this participant had quit smoking by the end of the trial.
As shown in Table 2 , univariate analysis identified receiving text messages, being older, and smoking more cigarettes per day at baseline as being associated with quitting smoking at the end of the trial (P-values < .05). These variables were included in the multivariate logistic regression analysis to identify a model to predict smoking cessation. Table 3 shows the unadjusted treatment only model and the final multivariable regression model fitted via backwards elimination. In the final model, receiving the text-messaging programme more than doubles the odds of quitting over the control group (OR, 2.34; 95% CI, 1.43-3.86; P-value < .001) and each one extra cigarette smoked per day at baseline increases the odds of quitting by 2% (OR, 1.02; 95% CI, 1.00-1.04; P-value = .026).
We assessed for interaction effects between clinically important prespecified subgroups and receiving the text-message programme on smoking cessation. This is shown in detail in Figure 1 . All continuous variables were dichotomised for this analysis. Low-density lipoprotein cholesterol at baseline showed a significant interaction effect with the intervention, high LDL, and intervention (OR, 3.77; 95% CI, 2.05-6.94); low LDL and intervention (OR, 1.42; 95% CI, 0.77-2.60); P = .03. However, this was not statistically significant when adjusting for multiple comparisons at the conservative P < .004 level. There were no evidence for any other significant interactions with the treatment variable.
Discussion
We previously demonstrated that a text-message-based programme designed for control of multiple risk factors resulted in smoking cessation at 6-month follow-up. 21 In this article, we found evidence that receiving a text-message prevention programme and quantity of cigarettes smoked at baseline independently predicted quitting smoking at 6 months in participants enrolled in TEXTME. In addition, baseline LDL-C interacted with the intervention for the primary outcome of smoking cessation.
In our study, the presence of other cardiovascular risk factors at baseline did not significantly affect the outcome of smoking cessation. However, the combination of high baseline LDL-C and receiving text messages increased the odds of quitting by almost 4 times. This may be because those who had higher LDL-C at baseline (i.e. higher overall risk of a future cardiac event) were more motivated to quit smoking than those who did not. This did not reach statistical significance after adjusting for multiple comparisons and thus would need to be explored further in future studies.
Interestingly, in our study, smoking more cigarettes on average at baseline was associated with smoking cessation at 6 months. However, this was inconsistent with the results from an app-based smoking cessation study which demonstrated that heavier smokers were less likely to be engaged with the programme, although whether this resulted in smoking cessation was not assessed. 15 Another study, which assessed a textmessage-based smoking cessation programme in adolescent smokers demonstrated that less cigarettes smoked per day at baseline was associated with quitting smoking, 24 although it is reasonable to suggest that motivational factors in adults are likely to be different to adolescents. The reason for our inconsistent findings may be due to a random association. Importantly, there were missing data for baseline cigarettes smoked, number of previous quit attempts, and number of years smoked (Table 2) , and thus our results should be interpreted with caution. However, it is also possible that in our study population, adults who smoke less were less motivated to quit smoking perhaps because they perceive less harm associated with lower quantities.
Although older smokers were more likely to quit smoking at follow-up, age did not remain an independent predictor in the adjusted model as shown in Table 3 . In addition, we did not find statistically significant gender differences between those who continued to smoke at the end of the study versus those who quit. This is different to Txt2Stop trial (2915 smokers) which demonstrated in their adjusted model that younger females were less likely to quit smoking and remain abstinent. 20 Similarly, in an adolescent population receiving a text-message-based smoking cessation programme, males were more likely to quit smoking. 24 The lack of statistical significance with gender and age in our adjusted model is likely because our population was predominantly men (18% females in the total TEXTME cohort compared to 45% in Txt2Stop), and on average older compared to Txt2Stop population (mean age 56.7 vs 36.8 years). [19] [20] [21] Similar to Txt2Stop, in TEXTME, the level of education and previous quit attempts were not independent predictors of smoking cessation.
Psychosocial factors (SF-12 scores and diagnosis of major depression) in this study did not affect the primary outcome of smoking cessation. This is in contrast to the Text2Quit study, where a subanalysis (RCT with 409 adult smokers) demonstrated smoking cessation programmes work by improving psychosocial processes related to quitting rather than through the use of directing to outside resources such as Quitline or interventions such as nicotine replacement therapy. 18 Although, they did not measure standardised quality-of-life scores such as SF-12, which may explain our contrasting results. Our findings indicate that text-message-based smoking cessation programmes may be effective (at least in a secondary prevention cohort) independent of sex, age, education, and psychosocial parameters. In addition, baseline risk does not affect the smoking cessation, although high LDL-C may be a strong motivator in those receiving text messages.
There are some limitations of this study. This is a subanalysis study which was not powered for the primary outcome of smoking cessation (the primary outcome in the original study was LDL-C) and thus significant clinical predictors for smoking cessation may have been missed. Second, nicotine dependence as measured with a Fagerstrom score was not assessed in TEXTME and has been shown to be important for smoking cessation in traditional programmes. 12 However, not assessing Fagerstrom score does not limit the interpretation of our results, given our study outcome was smoking cessation and not nicotine dependence. Finally, the results are only applicable to patients who have a history of ischaemic heart disease, and include a cohort that is at higher cardiovascular risk than other text message-based smoking cessation programmes. 19 An overall limitation of text-message-based programmes is the ability to directly measure engagement. With smartphone app-based programmes, it is possible to measure number of times a user has accessed the app, track personal progress over time, and measure total app-usage. However, with text-message-based programmes, we have been reliant on qualitative assessments from participants. We have previously reported on utility and perceived acceptability of TEXTME by intervention participants. 21 Most participants reported that TEXTME was useful (91%), easy to understand (97%), and motivated them to change their diet (81%) and physical activity (73%). In addition, 96% read at least three-fourths of messages and 55% shared messages with family, friends, and/or clinicians. We previously examined factors related to increasing engagement with TEXTME and these included (1) ability to save and share messages, (2) support from providers and family/friends, (3) feeling of support through participation in the programme, (4) timing the initiation of the programme close to their index cardiac event, (5) personalisation, (6) initial face-to-face contact with a researcher, and (7) programme content was perceived to be from a credible source. 25 It would be important to elucidate in future studies the relationship between the frequency of smoking cessation messages (intervention intensity) and the effect on smoking cessation, as well as the ideal level of interactivity. The TEXTME trial, for instance, targeted multiple risk factors and delivered 1 smoking cessation message per week for 6 months without any further personalisation. On the other hand, the Txt2Stop 19 and Text2Quit 17 trials were both interactive allowing 2-way communication and sent messages only on smoking cessation with frequency between 1 message a week up until 5 a day, for 6 months, depending on their timepoint along the programme and the degree of interactivity.
Literature assessing predictors of smoking cessation in the context of text-message-based prevention programmes are scant, and we could not find any literature assessing predictors of smoking cessation in mHealth programmes targeting multiple risk factors. Targeting multiple cardiovascular risk factors is an important principle of cardiovascular disease prevention 26 and is more likely to be cost-effective than treating individual risk factors. 27 Furthermore, engagement is likely important in leading to abstinence, and understanding the nuances of how participants interact with mHealth programmes and how this differs between different demographics and leads to smoking cessation is critical in optimising future programmes. Future larger studies are needed targeting multiple risk factors but powered for smoking cessation to better understand the predictors of smoking cessation and interactions of clinical variables with text messaging.
Conclusions
Our findings demonstrate that smoking quantity at baseline is independently associated with smoking cessation and that higher LDL-C may interact with the intervention to result in quitting smoking. This may suggest that those who have a higher baseline risk maybe more motivated towards beneficial lifestyle change including quitting smoking, and thus more likely to respond to mHealth smoking cessation programmes. The effect of text messages on smoking cessation was independent of age, gender, psychosocial parameters, education, and baseline control of risk factors in a secondary prevention cohort. Large-scale studies powered for smoking cessation in high-risk individuals are needed to further assess predictors and mediators of quitting in text-message-based programmes targeting multiple risk factors.
